Searches for contact interactions, leptoquark bosons and excited fermions carried out at the HERA ep collider are presented here. The searches are based on 40pb ?1 of e + p data per experiment collected at a centre of mass energy 300 GeV. First results on e ? p data collected in 1998-1999 are also presented.
Contact Interactions
Contact Interactions (CI) can be used to parameterize any new physics process appearing at an energy scale above the centre of mass energy p s.
At HERA, eeqq four-fermions terms would interfere (constructively or destructively) with the Standard Model (SM) Neutral Current (NC) Deep Inelastic Scattering (DIS), where the incoming lepton interacts with a quark coming from the proton, via the t-channel exchange of a virtual gauge boson, such that the distributions of the Lorentz invariant variables Q 2 , x and y (related via Q 2 = xys) would be a ected.
The H1 1] and ZEUS 2] Collaborations searched for such distorsions in the full e + p data collected between 1994 and 1997, using respectively a 2 t of the single di erential cross-section d =dQ 2 , and a 2-dimensional likelihood analysis in (x; y). Various models (characterizing the structure of the CI) have been constrained and the resulting lower bounds on the scale range for the ZEUS analysis 2] between 1.7 and 5 TeV. In contrast to the more stringent limits obtained by LEP experiments, these bounds do not rely on the avor symmetry hypothesis. Moreover some models have been considered by ZEUS only.
The CI analysis has been interpreted by the H1 Collaboration in terms of quark radius, applying a multiplicative form factor to the SM d =dQ 2 . This leads to an upper limit on the quark radius of 1:9 10 ?16 cm 1].
Leptoquarks
Leptoquarks (LQs) are scalar or vector color-triplet bosons, carrying both lepton (L) and baryon (B) numbers, which appear in many extensions of the SM. At HERA, LQs with fermion number F = 3B +L = 0 (F = ?2) could be resonantly produced via a fusion between the incoming positron and a quark (antiquark) coming from the proton.
Assuming in particular that a given LQ couples only to known SM fermions of a given generation, Buchm uller, R uckl and Wyler (BRW) 3] proposed a model in which the LQs decay exclusively into e+q or + q, with a branching e = (LQ ! eq) = 1 or 0.5. Relaxing the hypothesis mentioned above, other models can be built, where this branching e is a free parameter.
We will rst consider LQs coupling to rst generation fermions only, henceforth called rst generation LQs. The case of Lepton Flavor Violating (LFV) LQs, possessing couplings both to eq and q or q pairs, will be addressed in the following paragraph.
First Generation Leptoquarks
A rst generation LQ signal would manifest itself as an excess of NC DIS-like high y events. A search for such LQs has been perfomed by H1 4] and ZEUS 5] in the framework of the BRW model, using the full e + dataset. No signi cant deviation from the SM has been observed, apart from a slight excess in H1 data for invariant masses around 200 GeV, mainly due to events previously reported in the 94-96 data. The resulting mass-dependent limits on the Yukawa coupling of the LQ to the e ? q pair are shown in Fig. 1a , for the scalar F = 0 LQs of the BRW model. For LQ masses close to or above the kinematic limit, the sensitivity on the signal is provided by the interference of the LQ processes with NC DIS and by the e ects of nite LQ width. For a coupling of the electromagnetic strength (i.e. = 0:3), masses below 275 GeV are ruled out at 95% con dence level (CL). The H1 Collaboration 4] also performed a search for + jet events, followed by a hadronic decay of the . No event compatible with LQ kinematics has been observed and constraints on LQs coupling to eq and q have been derived, showing the important discovery potential provided by HERA for LQs decaying with a small branching into eq and a high branching into q.
The Fig. 3a exclude e masses below 229 GeV at 95% CL for f= = 1=M(e ), and these bounds extend beyond the domain covered by single e production at LEP.
ZEUS 11] also searched for ! using e ? p data, which provide a higher sensitivity than the e + p dataset due to a higher production crosssection. lighter than 161 GeV are excluded for f= = 1=M( ), as can be seen in Fig. 3b . Searches for q were reported in 12] and q constraints have been set for a vanishing coupling f s of the q to the gluon, complementary to the stringent bounds obtained at the TeVatron where q production requires f s 6 = 0. 4. Conclusions and Outlook HERA's discovery potential for new physics has been pointed out. Although the available data show a general good agreement with the Standard Model, some observations require clari cation. The vefold increase of the luminosity as well as the e-beam polarization expected from year 2001 will thus allow exciting searches to be carried out.
